Introduction
Among the practical problems encountered in the study of acetate metabolism by chloroplasts (23) , was the fact that chloroplast preparations rapidly lost their ability to catalyze the incorporation of acetate into fatty acids. This problem has prevented the fractionation and purification of the system. With a view to stabilizing the chloroplast system, an investigation was undertaken to determine the cause of the aging deterioration and to prevent it. This has led us to the study of sulfhydryl groups required for fatty acid synthesis by chloroplasts.
Materials and Methods
Preparation of Chloroplast Fractions. Spinach was obtained from commercial sources. Chloroplasts were isolated by the method of Whatley et al. (29) . The chloroplasts obtained from 50 to 100 g of leaves were washed once in the homogenizing medium and then suspended in 0.035 M NaCl before addition to the reaction mixture. The volume of broken chloroplasts suspension was approximately 5 ml. Chlorophyll concentration was determined by the method of Arnon (2) . Protein concentration was determined by trichloracetic acid precipitation, digestion, and determination of nitrogen by use of Nessler's reagent.
Reaction Mixtutres. Reaction moles of KHCO3. 1 Rmoie of glucose-6-P, 2 moles of MnCl2, radioactive substrate, and 0.3 to 0.6 ml of chloroplast preparation in a final volume of 1.50 ml. The chloroplast preparations contained 10 to 15 mg/ml of protein and 1 to 2 mg/ml of chlorophyll. The reactions took place in glass stoppered centrifuge tubes in a 30°water bath for 30 or 60 minutes. The reaction was stopped by the addition of chloroformmethanol and lipid was extracted in the centrifuge tube by the method of Bligh and Dyer (5) . In some cases the reaction was stopped by the addition of 5 ml of 1% KOH in methanol. The mixture was then refluxed for 30 minutes, acidified and extracted with chloroform. In these cases, fatty acids were separated and identified by reversed phase paper chromatography (12, 20 
Results
Loss of Enzyinzic Activity of Chloroplasts on Aging. Table I shows an example of the decline in Table I Effect of Aging Chloroplasts on Catalytic Activity Reaction mixtures were as in Material and Methods, including 52 mptmoles of acetate-l-C' (600,000 dpm).
The time at which the chloroplast preparation was first ready to add to the reaction mixture was arbitrarily taken as zero time. The chloroplast preparation was stored in an ice bath during the aging process. Approximately 45 minutes preparation time was necessary from the moment of first grinding the leaves to the arbitrary zero time. Reaction mixtures were as in Material and Methods, including 52 mtmoles acetate-i-C'4. After resuspension of washed chloroplasts in 0.035 M NaCl, the preparation was centrifuged at 20,000 X g for 20 minutes. The supernatant fluid was decanted and the pellet was washed by resuspending in 0.035 M NaCl and resedimenting. The washed pellet was suspended again in 0.035 m NaCl to be used as the fragment preparation. The preparations were aged by storage in an ice bath for 5 hours before use while the fresh preparations were used as soon as the manipulations described above were completed. Volumes of 0.1 ml of fragments and 0.5 ml of supernatant material were used. The incorporation by either fraction alone was not significant. Figure 1 shows the inhibitory effect of p-CMB. Effects of cadmium ions (fig 2) and arsenite (fig 3) are also shown. The concentration of reagent required to obtain 50% inhibition depended on the chloroplast preparation, but the greater susceptibility of lipid synthesis was always obvious. The incorporation of malonate into lipid was also inhibited by sulfhydryl reagents (table VI). Although (table  VII) . Discussion
The synthesis of fatty acids by chloroplasts was first described by Sniirnov (25) . The results of Smirnov have been confirmed and extended (23, 26, 27) . Apart from the possibility that light has some stimulatory effect over and above the production of ATP and NADPH (25, 26) , fatty acid synthesis by chloroplasts appears to follow the biochemical pathway well worked out for preparations from a variety of other sources (3, 8, 10, 14, 17, 19, 22) . This conclusion is reinforced by the findings reported in this paper, that malonate is an effective precursor of fatty acids synthesized by chloroplasts, and that the synthesis from acetate is inhibited by avidin. Cheniae (13) has reported that fatty acid synthesis by preparations from Euglena is by an aviclin insensitive pathway. This may be one of the 2 pathways of fatty acid synthesis noted by Barron and Stumpf (4) , or similar to the avidin insensitive oleate synthesis reported by Harlan and Wakil (16) .
Earlier studies on fatty acid synthesizing systems showed that sulfhydryl compounds stabilized the preparations (28) . There are also several reports that sulfhydryl reagents inhibit fatty acid synthesis (8, 11, 19, 22 Recent studies of sulfhydryl requirements for fatty acid synthesis have indicated that the point of inhibition by sulfhydryl reagents is relatively early in the synthetic pathway. Lvnen (19) has reported that malonyl CoA accumulated in the presence of iodoacetamide. Bressler and Wakil (11) demonstrated that inhibition of fatty acid synthesis by p-hydroxymercuribenzoate could be prevented by prior incubation of the enzyme with acyl CoA. acetyl CoA being most effective. There hlave been suggestions that fatty acid synthesis involves an enzyme having juxtaposed sulfhydryl groups since Brady et al. (9) found that inhibition by arsenite was greatly enhanced in the presence of BAL. Further experiments suggested that juxtaposed sulfhvdrvls participated in the reductive process of fatty acid synthesis rather than the condensation step (9) . The same conclusion has been reached by Alberts et al. (1) .
The effects of sulfhvdryl reagents on acetate metabolism by chloroplasts show that fatty acid synthesis is more susceptible than the synthesis ol water soluble compounds. Since the incorporation of malonate was inhibited to the same extent as the inicorporation of acetate, it may be concluded that carboxylation is not thfe most susceptible steel, even though this reaction can be inhibited by sulfhydryl reagents (15) . The chloroplast system has not yet been fractionated to the point where a decision cain be made that the step most susceptible to sulfhydryl reagents is the condensation step or the reductive step, but so far the results are entirely consistent with those obtained with rat liver (9.11), andl with Clostridium preparations ( 1). In our pIrevious work, only saturated fatty acids were found to be labeled (23) , but in the experiments reported above, unsaturatedl fatty acids also were syntlhesized. These differences may be due to uncontrolled factors of the in vitro experiments, and particularly the lack of control of 02 availability, which influences the synthesis of unsaturated fatty acids in other systems (7, 21, 24) .
Summary
Preparations of broken spinach chloroplasts incorporate acetate and malonate into long chain fatty acids. Avidin inhibits the incorporation of acetate but not of malonate. The ability to catalyze the incorporation of these precursors declines as the preparations age. This deterioration is associated with the soluble enzymes, rather than the fragments of the chloroplasts. The aging effect can be prev-entel to some extent by glutathione. which also alters the composition of the labeled fatty acids, favoring stearate and decreasing palmitate and oleate. Sulfhydryl reagents (p-chloromercuribenizoate, cadmium ions, arsenite) inhibit the incorporation of acetate and malonate into lipid. At higher concentrations the sulfhydryl reagents inhibit the incorporation into non-volatile water soluble compounds. The inhibition by p-chloromercuribenzoate and cadmium ions can be reversed by reduced glutathione. The inhibition by arsenite is enhanced by the presence of 2,3-dimercaptopropanol. 
